Abstract: Halogenated anthraquinones can be synthesized directly from halogenated thiophenes, when these are reacted with 1,4-naphthoquinones in the presence of meta chloroperoxybenzoic acid. The halogenated anthraquinones are versatile building blocks in the preparation of arylated anthraquinones and of extended π-systems with interspersed anthraquinone units.
INTRODUCTION
Arylated anthraquinones 1 ( Fig. 1 ) have elicited interest in physical organic chemistry 1,2a due to the interaction of the attached aryl groups with the π-system of the anthraquinone core as evidenced in the UV and luminescence 3, 4 spectra, in the redox behavior of the molecules, 2 and the NMR shift values. Specifically, the interaction of the substituents on the C=O function of the anthraquinones has been subjected to investigation. 1 In practical applications, arylated anthraquinones have also been used as stabilizers of light-modulating fluids such as of fluids comprised of liquid polybenzyltoluenes. 5 Our interest in the molecules is in the study of the electrochemical behavior of these substances. In the following, a new direct preparation of arylated anthraquinones from halogenated thiophenes is presented. A number of synthetic routes to arylated anthraquinones are known. It has been shown by E. Bergmann et al. 6, 7 Coupling reactions have also been carried out with 1-diazoanthraquinone, which were prepared from the corresponding 1-aminoanthraquinone. 8 In order to have a versatile strategy to aryl substituted anthraquinones in hand, we wanted to use haloanthraquinones as key intermediates, which we could subsequently transform into the target compounds by Suzuki cross coupling reaction. Again, preparative routes to haloanthraquinones are known. Thus, M. Battegay and J. Claudin prepared a number of dibromoanthraquinone from the corresponding diaminoanthraquinones by Sandmeyer reaction. 9 For chlorinated anthraquinones, a larger number of synthetic procedures are known. 
Scheme 4
From our understanding, in halogenated thiophenes, the sulfur is more difficult to oxidize with peracids or with hydrogen peroxide than in the corresponding donor substituted thiophenes. On the other hand, oxidized halothiophenes -halothiophene S-oxides and halothiophene S,S-dioxides -should be more reactive dienes than their electron-donor substituted counterparts. It is for these two reasons that in all likelihood, halothiophene S-oxides would have to be used in situ. In fact, K. Torssell has reported on one example of a successful oxidative cycloaddition of a mono brominated thiophene with 1,4-naphthoquinone (3a) , where the cycloadduct was produced in poor yield. 21 Our own work 22 on the oxidative cycloaddition of brominated and chlorinated thiophenes (eg., 9a) to maleimides (eg., to 10) indicated that halothiophene S-oxides can be produced in situ and can be reacted with electron poor dienophiles (Scheme 4).
RESULTS AND DISCUSSION
In the present case, a variety of brominated and chlorinated thiophenes 9 were submitted to oxidative cycloaddition reactions with 1,4-naphthoquinones 3. Heated solutions of thiophene 9 and 1,4-naphthoquinone 3 were treated with meta chloroperbenzoic acid in small portions over 48h. Under these conditions, cycloaddition between intermediately formed thiophene S-oxides and 1,4-naphthoquinone 3 takes place, where the formulated, primary sulfoxy-bridged cycloadduct 12 loses the SO-bridge under concomitant aromatization (Scheme 5). The haloanthraquinones 8 can be obtained, albeit in very moderate yield (Table 1) . A number of more polar side products form, depending on the substrate. One important type of side product are hydroxyanthraquinones 13 ( Figure 2 ). That halothiophene S-oxides are involved here, has been shown in the reaction under analogous conditions of 2,5-dibromothiophene (9a), 2,3,4,5-tetrabromothiophene (9e) and 2,5-dichlorothiophene (9g) with N-phenylmaleimide (10) , where halogenated The brominated anthraquinones obtained were subjected to Suzuki-Miyaura cross coupling reactions with a variety of arylboronic acids. Either Pd(PPh 3 ) 4 /PPh 3 or Pd(PPh 3 ) 2 Cl 2 /PPh 3 was used as catalyst in a biphasic reaction medium of DME and aq. Na 2 CO 3 . The corresponding arylated anthraquinones were obtained in good yield. In the case of the 1-aryl-2,4-dibromoanthraquinones, the first aryl group enters selectively into the 4-position, ie., away from the aryl function already present in the anthraquinone system ( Figure 3 ). Prolonged reaction times and an excess of arylboronic acid make the 2-position accessible, also. In this manner it is possible to provide anthraquinones with three different aryl substituents in positions 1, 2 and 4. Equally interesting is the fact that chlorinated anthraquinones such as 1,4-dichloroanthraquinone (8a) exchange the chloro-substituent readily, and thus they undergo Suzuki-Miyaura cross coupling reactions with ease, too, even when using a common catalyst such as Pd(PPh 3 ) 4 . Thus, 1,4-dibromo-5,8-dichloroanthraquinone (8d) can be converted to the 1,4,5,8-tetra-arylanthraquinone 4r (see continued Table 2 
The anthraquinones obtained show spectral data typical for this species of compounds. The UV-VIS spectra of most of the solutions of the arylated anthraquinones in acetonitrile show at least three distinct bands, usually associated with π-π* transitions. this transition is shifted to lower energy for 6,7-methylated anthraquinones (eg., for 4i, λ = 279 nm). A shift to higher wavelength is also found for the β-bromo substituted anthraquinone 4l (λ = 275 nm). Two further π-π* transitions can be noted, although they cannot be identified for all compounds measured. The first is found at around λ = 300 nm. The π-π* transition with the longest wavelength can be noted at λ = 350 -380 nm for the compounds measured. Substituent dependence of this transition has been reported for mono-substituted anthraquinones, 25 and also in our case a substituent-dependence can be noted. 21.6, 122.1, 126.9, 127.6 (2C), 128.0, 129.0, 129.2 (2C), 131.3, 133.2, 133.4, 133.5, 134.0, 134.1, 137.3, 137.4, 143.6, 143.9, 182.1, 182 
